The layering of the soil profile can influence the accumulation of infiltrated water and the way in which subsurface runoff is formed. This paper examines a mountain podzol characterized by clearly developed soil horizons. After these horizons had been identified, distinct soil layers were defined (the eluvial horizon, the spodic horizon (undifferentiated), and weathered bedrock). Saturated hydraulic conductivity (K s ), particle size distribution and bulk density were measured in these layers. A visualization of the distribution of infiltrated water in the podzolic profile was performed using a dye tracer experiment. The accumulation of dyed water and a distinct lateral flow were detected in the eluvial layer. Only limited entry of water into the spodic layer was observed. These effects were caused by changes in soil hydraulic properties (SHP) among the investigated layers. For the spodic horizons, the measured K s value (crucial SHP) was significantly lower than the K s values for the other tested horizons. The probable reason for the lower K s was an accumulation of fine particles and various substances in the spodic horizons, and corresponding changes in the porous system. The observed effects of layering indicate that water can be accumulated and subsurface runoff can be formed over the spodic layer during intensive rain or snow melting.
INTRODUCTION
The hydrological role of soil for water retention and for transforming precipitation into runoff is pivotal (Kutílek and Nielsen, 1994) . Brilliant Blue FCF dye tracer (BB) has become a widely-used and popular tracer for visualizing water flow in a soil profile (e.g. Clark and Zipper, 2016; Kodešová et al., 2012; Qian et al., 2015; Sander and Gerke, 2007) , due to its low toxicity (it is used as a food dye), good colour contrasts in most soils, and its reasonable cost (Laine-Kaulio et al., 2015) . Although the dyed soil does not ideally represent the entire flow field, BB provides a useful indication of the preferential flow of the infiltrated water (Leibundgut et al., 2009; Schwen et al., 2014a) .
For a physically-based description of soil-water flow, the crucial soil hydraulic parameters (SHP) are saturated hydraulic conductivity (K s ) and the parameters of the retention curve (RETC) (Hillel, 1998; Rezaei et al., 2016) . On the basis of knowledge of K s and RETC, unsaturated hydraulic conductivity can be expressed using an appropriate hydraulic model, e.g. Genuchten -Mualem (van Genuchten, 1980) . If this approach is applied, K s and RETC values enable the water flow in unsaturated soils to be modelled using a numerical solution of the Richards equation (Kutílek and Nielsen, 1994) . For sandy soils, pedotransfer functions (indirect methods) based on easily determinable soil properties (texture, bulk density) can be used with sufficient precision for estimating the hydrostatic parameter RETC (Vereecken et al., 2010) . For estimates of the dynamic parameter K s , pedotransfer functions usually exhibit serious errors (see Jarvis et al., 2013) , because the value of K s is very sensitive to specific characteristics of the porous system (e.g. continuity and tortuosity of the porous system, the occurrence of macropores). Direct measurements of K s are therefore irreplaceable, although it is a very difficult task to measure K s properly (Bagarello et al., 2014 (Bagarello et al., , 2016 Jačka et al., 2014; Reynolds et al., 2000) . The coefficient of variation (CV) of measured K s within a single soil layer is often higher than 100%, even at the plot scale (Jačka et al., 2016 (Jačka et al., , 2014 Webb et al., 2000) . Parameter K s therefore exhibits high spatial variability (Fodor et al., 2011; Kutílek and Nielsen, 1994) , and it is necessary to have a sufficient number of replicates in order to obtain a representative mean value of K s for each soil layer (Pennock et al., 2008) .
Soil layering, which occurs to varying extents in the profiles of most soils, influences the distribution and accumulation of infiltrated water Si et al., 2011; Zettl et al., 2011) . Knowledge of the SHP of each soil layer is necessary for a correct understanding and for correct modelling of water flow in the layered profile (Shin et al., 2012; Swarowsky et al., 2011) . As Schwen et al. (2014b) pointed out, unlike horizontal changes in SHP, vertical changes in SHP have not been sufficiently studied.
For distinctly-layered podzolic soils, possible water accumulation over a less permeable spodic layer is mentioned by Kutílek and Nielsen (1994) . This lower permeability arises from an accumulation of fine particles and various substances in the spodic layer, and from a corresponding increase in the tortuosity and decrease in the size of the effective pores (Rezaei et al., 2016; Seuntjens et al., 2001; Wang and McKeague, 1982) . However, for mountain podzols, insufficient number of studies (about water flow and accumulation, and changes in the crucial SHP among soil layers) has been reported in the literature. Moreover, areas dominated by mountain podzols are hydrologically very important, as these areas are characterized by very high average precipitation (> 1600 mm year -1 , Pavlásek et al., 2009) . Therefore, these areas have a strong impact on the hydrological situation in lower-located regions during extreme hydrological events (floods and also droughts).
This paper presents a visualization of the distribution of infiltrated water in the profile of a mountain haplic podzol using dye tracer experiments. The results of measurements of the key hydraulic parameter K s , particle size distribution and bulk density are also presented for identified podzolic layers. The research questions are: 1) Is the flow of infiltrated water affected by the distinct layering of the investigated podzol, and 2) do the values of K s and related soil properties (texture and bulk density) differ among the identified layers? On the basis of these research questions and the motivation for our study as mentioned above, the following aims of the paper were formulated: 1) Reveal differences in K s and related soil properties among markedly different podzolic layers. 2) Investigate the effect of this layering on the redistribution of the infiltrated water using dye tracer experiments.
MATERIAL AND METHODS

Study site
The investigation was performed on a study site dominated by a mountain podzol with distinct layers. This site occupies a small part of the Modrava 2 experimental catchment, which is described in Pavlásek et al. (2009 Pavlásek et al. ( , 2010 and in Jačka et al. (2012) . The site is located in the high-altitude part of the Šuma-va National Park, near the Czech-German border (see Figure 1) . A description of the site is also given by Jačka et al. (2012 Jačka et al. ( , 2014 Jačka et al. ( , 2016 . The site is covered predominantly with the following plant species: Calamagrostis villosa, Picea abies, Avenella flexuosa, Vaccinium myrtillus, Luzula sylvatica, Athyrium distentifolium.
The study site is an area approx. 60 meters in diameter. The site is characterized by a low slope gradient (mean approx. 4%) with north aspect, and is located in a saddle at an elevation of about 1270 m. The shape of the slope is slightly convex (nearly uniform). Haplic podzol with distinctly differentiated eluvial and illuvial horizons is dominant throughout the site. The soil horizons of the examined podzol are depicted on the vertical cross-section in Figure 2 . The mean thicknesses of the soil horizons (determined using boreholes made using a gouge auger close to the Guelph permeameter experiments and on the walls of an excavated pit -see the position in Figure 1 ) are as follows: organic horizon O, together with humus horizon Ah, 7.5 cm; ash-gray bleached eluvial horizon E 12.5 cm; illuvial spodic horizons Bhs together with Bs 40 cm. Horizons O and Ah, and also horizons Bhs and Bs, are not separated by sharp boundaries. The thicknesses and the soil properties are therefore described for these joint horizons as for a single soil layer. The bedrock C, consisting of weathered metamorphic rockssillimanite, migmatite and paragneiss, is relatively homogeneous fine-grained material.
Sampling design
Three distinctly different soil layers were defined in the examined podzol: 1) the eluvial horizon, 2) spodic horizons (undifferentiated), and 3) weathered bedrock. In each of these layers, selected soil properties (K s, particle size distribution and bulk density) were measured. Disturbed soil samples one liter in volume (for determining the particle size distribution) and Fig. 1 . Location of the study site in the catchment and in Central Europe (modified from Jačka et al. (2012) ) and a detail of the sampling positions on the site. The points denote GP tests performed in the eluvial layer (green), the spodic layer (red), and the bedrock (blue). undisturbed samples 100 cm 3 in volume (for determining the bulk density) were sampled during K s measurements at the centre of each layer for five replications.
To characterize the soil properties of each layer, measurements were planned to be randomly spatially distributed throughout the site. Random coordinates were generated in the R software environment using the function runif (package stats, version 3.0.2). These coordinates were used as GPS locations of the sampling positions. Boreholes for the K s measurements were drilled at these positions (see the points in Figure 1 ). The random sampling approach was not completely met. Limitations of the random sampling approach included the following: 1) to avoid mutual interference of the experiments, the minimum distance of the sampling points was defined as 1.5 m; 2) it was impossible to drill a borehole to the required depth at some locations, due to stones and roots in the profile and due to the occurrence of young trees and tree stumps on the soil surface. In cases when we were unable to drill a borehole at the randomly generated position, we drilled another borehole as close as possible to this original position. The coordinates of this alternative position were recorded for the further spatial statistical analysis. To characterize K s of the tested soil layers, a total of 28 Guelph permeameter (GP) infiltration measurements were carried out in the E horizon; 19 experiments in the Bhs and Bs spodic horizons, and 8 measurements in the weathered bedrock (the C horizon). Overall, owing to difficulties that occurred when deep wells were drilled in the stony heterogeneous soil, a smaller number of measurements were performed in deeper boreholes than in shallower boreholes. In addition, some boreholes (usually deeper holes) had to be excluded due to their irregular shape, which is inappropriate for GP measurements. Since the measurements were carried out in August, the measured data represents the growing season, characterized by strong vegetation activity and a high level of evapotranspiration.
Determination of K s and related soil properties
Field measurements of K s were performed using a Guelph permeameter (GP), which is a well-documented device (e.g. Bagarello, 1997; Elrick et al., 1989; Reynolds, 2008; Reynolds and Lewis, 2012) . The standard measurement method that was applied is described in the operating instructions (Eijkelkamp, 2011) . To avoid interference between measurements, an individual borehole was drilled for each GP test. No measurements were made at different depths in the same borehole. The water level (h g ) in the well was kept constant at 16.5 cm. The well (r g ) was 3 cm in radius. Measurements were made until a quasisteady state (i cg ) was reached (from 30 to 60 min). Due to moderate variation, i cg was calculated as the average of the last three measured values. Because the sampling was done in sandy soil containing a small amount of clay particles, no smearing was observed in the wells.
The single constant head approach (Eq. (1)) was used to calculate K s (Elrick et al., 1989; Reynolds, 2008) :
where A g is the cross-sectional area of the GP water reservoir, C w is the dimensionless well shape factor, sn is the sorptive number (a value of 0.12 cm -1 was used on the basis of an investigation of the soil texture and structure). The value of C w was calculated according to Zhang et al. (1998) .
To determine the bulk density, undisturbed soil samples were collected into stainless steel sample rings (volume of the sample 100 cm 3 , 4.1 cm in length and 2.8 cm in inner radius, Eijkelkamp, NL). Subsequently, the samples were oven dried in the laboratory to a constant weight, and the bulk density was calculated (mass of dried soil [g] divided by volume of the sample [cm 3 ]). The particle size analysis was performed using the hydrometer method (CEN ISO/TS 17892-4, 2004) . The soil texture was classified according to the textural triangle of the United States Department of Agriculture (USDA).
Statistical analysis
Descriptive statistics were calculated for the three K s datasets (each representing one of the three defined soil layers). Normality tests (Shapiro and Wilk, 1965) were performed on the measured K s datasets and normality was rejected. For the decadic logarithms of the K s datasets, normality was accepted. Therefore, log-normal distributions were found to be suitable for the measured datasets, and one-way analysis of variance (ANOVA) and Tukey's Honestly Significant Difference test (TukeyHSD) were performed on the logarithms. The geometric mean is an appropriate mean for the log-normal distribution, and was used as a representative estimate of the central value of the measured data. The differences in K s among the soil layers were assessed using ANOVA. When a significant difference in means was indicated, TukeyHSD was carried out for multiple pairwise comparisons. Null hypotheses of ANOVA and TukeyHSD were tested at a significance level of 0.05. The statistical tests were calculated using the Stats package (version 3.0.2), and the descriptive statistics were calculated using the Pastecs package (version 1.3-15) in the R software environment.
For the log-transformed K s datasets, spatial dependencies were also investigated using an experimental semivariogram. The following theoretical models were fitted to this semivariogram: exponential, Gaussian, linear, nugget. A description of the semivariogram used here and the fitted models is given by Hu et al. (2013) ; Marín-Castro et al. (2016) ; NegreteYankelevich and Fox (2015) . The quality of fit was assessed using the Nash-Sutcliffe (NASH) model efficiency coefficient (Nash and Sutcliffe, 1970) . The differences among models were assessed using the Akaike Information Criterion (AIC) (Sakamoto et al., 1986) . No spatial dependencies were indicated (no apparent trend in semivariance was observed). The measured K s values for each soil layer were therefore considered as randomly spatially distributed, and were treated using a classical statistical approach.
Dye tracer tests
The redistribution of the infiltrated water in the podzolic profile was visualized using a dye tracer (Brilliant Blue FCF, referred to here as BB). Two single-ring infiltration tests were performed (see the positions in Figure 1 ). The mutual distance of the two tests was approx. 4 meters and therefore, the tests represent practically the same position on the slope. A single ring (30 cm in diameter for the first test and 28 cm in diameter for the second test) was inserted to a depth of about 12.5 cm, and the lower sharpened edge of the ring was located in the upper part of the E horizon. The impact of the 2 cm difference in the diameter on the water distribution in the podzolic profile was considered negligible. The slightly different diameters were used as exactly the same rings were not available at the same time (tests were performed during the same day). The soil surface inside the ring was flooded to a depth of approx. 4 cm using dyed water, and the water level (i.e. the pressure head 4 cm) was kept approximately constant for 2 hours. The amount of water applied (controlled by maintaining the practically constant pressure head for 2 hours) was determined to ensure the quasi-steady infiltration rate conditions and to saturate the soil profile sufficiently (to reveal the effect of the interface of the spodic and the eluvial layer). The undisturbed soil core samples (100 cm 3 ) were collected before the infiltration tests (to define the initial volumetric soil water content) and after the tests during an excavation of the soil profile (to define the volumetric soil water content after the tests). Mean values of the initial water content were 39 Vol.-% for the eluvial layer and 40 Vol.-% for the spodic layer. Mean values of the water content determined after the tests were 45 Vol.-% for the eluvial layer and 42 Vol.-% for the spodic layer. The tracer was applied in a water solution of 5 g l -1 (Schwen et al., 2014a) . The soil profile (a vertical cross-section through the center of the previously flooded area and horizontal cross-sections at various depths from 10 to 40 cm below the surface) was excavated 24 hours after the soil surface inside the ring had been flooded. A visual inspection of the soil was performed on the walls of the cross-sections and photos were taken. The dyed areas in the cross-sections were mapped in the field, and the distances and the sizes of these areas were measured using a measuring tape. Additionally, the sizes and the shapes of the dyed areas were visually inspected using photos depicting the dyed soil and the measuring tape as a scale.
RESULTS AND DISCUSSION Values of K s and related properties for the soil layers
A description of the soil texture, bulk density and porosity for the identified podzolic layers is given in Table 1 . Particle size analysis showed that the spodic layer contained a greater amount of clay (+6%) and silt (+12%) than the E horizon. The percentage of gravel (> 2mm) was practically the same for both layers (approx. 30%). According to Wang and McKeague (1982) , the increase in content of fine particles can be caused by illuviation of fine particles, which were translocated from the E horizon by infiltrated water together with other substances (humic substances, sesquioxides, chelates), or by synthesis of the new clay minerals from translocated weathering products formed in a strongly acidic environment, which is typical for podzols (e.g. Jankowski, 2014; Waroszewski et al., 2016) . Lateral podsolization on the slope (described e.g. in Sommer et al. (2001) or Jankowski (2014)) can also decrease the amount of fine particles contained in the eluvial layer (study site is located in the upper part of the slope in the saddle).
Higher amount of clay in the spodic podzolic layer than in the eluvial layer is a concomitant characteristic of the podzolization process (Sommer et al., 2001) , although this characteristic is sometimes not present in podzols due to specific soil conditions (see Waroszewski et al., 2016) . The estimated bulk density for the E horizon is 1.4 g cm -3 , and the calculated porosity is 46% (using the bulk density and mean density of the solid particles). These values are similar for the spodic layer: 1.3 g cm -3 and 47%, respectively. The slightly lower bulk density of the spodic layer may be caused by volumetric expansion of accumulated organic matter translocated from the horizons located above (Jersak et al., 1995; Sommer et al., 2001) .
Differences in the means, medians, CV, minima and maxima of the measured K s datasets were noted (see the descriptive statistics in Table 2 and Figure 3 ). For the tested layers, the ratios of the geometric means of the measured K s datasets were as follows: C horizon: spodic horizons -5.52, E horizon: spodic horizons -2.87, C horizon: E horizon -1.92. The lowest median, minimum and maximum of the K s values were measured for illuvial spodic horizons. The highest CV value was measured for horizon E where its value was more than 20% higher than in the other tested soil layers (see Table 2 ). The highest CV value may have been caused by greater local heterogeneity in this layer (due to the roots of various plants and remnants of dead wood, which were encountered predominantly in the E horizon). The first quartile, the median, the third quartile, and the maximum of the decadic log-transformed values of K s measured in the spodic horizons were distinctly lower than for other tested layers (see a graphical comparison with the surrounding layers in Figure 3) . A significant difference between means was found using the ANOVA test applied to the decadic log-transformed K s datasets, and the null hypothesis was rejected (p-value = 7.46×10 -6 ). According to the subsequent TukeyHSD test, significant differences in the means of the log-transformed K s values were found for the following pairs: E horizon and spodic horizons (p-value = 2.38×10 -4 ), and C horizon and spodic horizons (p-value = 3.00×10 -5 ). For the pair of K s datasets collected in the E horizon and in the C horizon, the means of the log-transformed values were not different according to the Tukey HSD test (p-value = 0.130).
The lower K s values measured for the spodic horizons are obviously related to changes in the porous system. These changes in the porous system can be caused by the different content of fine particles (see the above-mentioned increase in clay and silt content in the spodic layer in comparison with the eluvial layer). Another reason for these changes can be an accumulation of various substances (organic matter, Al and Fe oxides and complexes of these oxides with organic acidschelates) in the spodic horizon. Translocation of these substances from the upper E horizon to spodic horizons by intensive water infiltration in acidic soil conditions is a characteristic of the podzolization process (Lundström et al., 2000; Sommer et al., 2001; Waroszewski et al., 2016) . Illuviated substances form coatings inside the pores (Jankowski, 2014) . These coatings, together with translocated fine particles, can For an illuvial cemented layer of an agriculturally-managed lowland arenic podzol, Rezaei et al. (2016) also found lower mean K s values than for the layer below and the layer above, using two different methods. Rezaei et al. (2016) pointed out that lower K s of the illuvial (spodic) layer located at a depth of 47-52 cm could be also partially caused by compaction by heavy machinery. Seuntjens et al. (2001) measured K s using a pressure infiltrometer in horizons of two different lowland podzols, i.e., a drier podzol, characterized by a lower situated groundwater level and a sharply-defined spodic horizon; and a wetter podzol with a diffuse spodic horizon located in an old land dune landscape covered with spots of vegetation of various types. For the spodic illuvial horizons of the two podzols, considerably lower mean K s values were also noted than for the surrounding horizons.
K s spatial dependencies were also investigated. See a representative example in Figure 4 . The experimental semivariogram represents a cloud of points, and the fitting quality of all theoretical models is therefore low. See the NASH values in Figure  4 . Moreover, the lowest value of AIC was indicated for the nugget model (Figure 4) . All of these findings indicate no obvious trend in semivariance and no apparent spatial dependencies. The K s values for each podzolic layer can therefore be treated as a randomly horizontally distributed variable, and the best estimate for the entire site is the appropriate mean (the geometric mean, due to the log-normal distribution of the datasets).
The following reasons can be offered why no spatial dependencies were detected on a plot scale. 1) High local heterogeneity of the tested mountain forest soil (due to the occurrence of rocks, decaying dead wood and the roots of various plants in the profile) and the corresponding occurrence of preferential flow and other irregularities in the geometry of the flow field. 2) Subjective variability arising from the use of the GP method (a relatively small sampling volume, and possible influence of the soil during drilling). The local heterogeneity, together with the subjective variability, can introduce "noise" into measured data, can increase the overall variability of K s , and can mask the spatial patterns. Marín-Castro et al. (2016) also did not find the expected spatial dependencies at the plot scale, probably for the reasons mentioned above.
The representativeness of the GP method was tested for the specific conditions of the investigated podzol by Jačka et al. (2014) . For the E horizon, the GP method yielded a nonsignificantly different mean of K s in comparison with the single ring infiltrometer method (field estimate K s ), and a slightly lower mean value (1.6 times lower) than a laboratory permeameter applied to the undisturbed soil cores.
Dye tracer visualisation of water flow
The redistribution of the BB dyed water (which infiltrated through the surface inside the single ring infiltrometer) indicated that most of the infiltrated water was accumulated in the E horizon, and just a small portion of this water was distributed into the spodic layer (see dyed area in Table 3 ). Distinct lateral flow of the dyed water was detected in the E horizon. The distribution of the dyed water at different depths of the podzolic profile beneath the infiltrometer is shown in Figures 5 and 6 . In Figure 5 , the cross-section at a vertical depth of 20 cm shows that the predominant part of the dyed water is located in the E horizon. The cross-section at a vertical depth of 30 cm shows only a few small colored areas, which are located in the spodic layer. The distinct effect of the layer interface (eluvial and spodic) is shown in a vertical cross section (Figure 5a ). In the lower left corner of Figure 5b , there is a blue dye staining located in the upper part of the spodic layer close to the large rock. Possible explanation is that this rock blocked a lateral flow on the layer interface (see Figure 5a ) and redirected the water flow to the deeper spodic layer.
In Figure 6 , dyed areas can be detected in the E horizon, even at a horizontal distance greater than 30 cm from the centre of the infiltrometer (an indication of distinct lateral flow), and the cross-section in the spodic layer again shows only a few small colored areas.
The observed dyed patterns in the layered profile correspond to the measured significant decrease in K s in the spodic layer. However, it should be mentioned here that the dyed soil patterns do not match the water flow patterns exactly, because dissolved BB exhibits problematic sorption effects and lower mobility than untreated water in smaller-sized pores (Fér et al., 2016; Nobles et al., 2010; Wang and Zhang, 2011) . Nevertheless, the areas dyed by BB usefully visualize the major flow field in the soil profile (Jiang et al., 2017; Leibundgut et al., 2009). For the examined profile, the BB experiments revealed distinct differences among the soil layers in hydrologically important pores (macropores and upper size capillary pores, where the preferential flow occurs). According to the flow field of the dyed water, the major interconnected part of these pores is located in the E horizon, and the vertical connection of these pores in the soil profile is interrupted in the spodic layer. 
Limitations of the research
For an investigation of the hydrological effects of the podzolic profile, we selected a small area of the site, rather than selecting the entire catchment area. The described hydrological behavior may therefore not be valid for podzolic profiles with less distinct layers that occur in lower parts of the catchment. The small area of the site was selected due to 1) the occurrence of a distinctly layered haplic podzol throughout the site, and 2) the time-demanding nature of direct field measurements of K s in a rather inaccessible heterogeneous podzol. Parameter K s is the key soil property affecting soil water flow, and is unfortunately very difficult to measure properly (see Fodor et al., 2011) . We have decided for a detailed characterization of K s including higher number of collected samples on a small site in well-developed soil layers.
For the infiltration measurement, we have used wellestablished field methods which sample small volume of the soil. We have selected these small-scale methods because they require relatively small soil disturbances, are easy to operate and exhibit low water consumption which is a very important aspect for hardly this accessible site without water supply. The examined site is located in the valuable central part of the Šumava National Park, where excavations and other soil disturbances should be minimized. Larger volume sampling methods such as for a rainfall simulator or large infiltrometer are theoretically more suitable for the examined heterogeneous soil but are also impracticable in this specific case due to the reasons mentioned above. To account for large stones (see their sizes in Figures 5 and 6) for particle size and bulk density measurements, large excavations would also be required. Therefore, these stones were not included in the analysis.
Engineering implications
After heavy rainfalls, water filling of empty shallow boreholes (formed during the GP tests) was observed. Some of these boreholes were flooded to a few centimetres below the surface of the soil. Dye tracer tests also indicated an accumulation of infiltrated water and lateral flow on the layer interface in the E horizon over the spodic layer (see Figures 5 and 6 and Table 3 ). Significantly lower K s was measured in the spodic layer (see Table 2 and Figure 3) , and this corresponds to the findings mentioned above. Therefore, the spodic layer can probably form a hydraulic barrier under field-saturated conditions as it is indicated by the two different infiltration methods (GP and dye tracer tests) and by the observations of the water-level in the shallow boreholes after the heavy rainfalls.
As Si et al. (2011) pointed out, shallow subsurface runoff (lateral flow) on the layer interface can be formed when hydraulically different layers occur on a slope. According to Sommer et al. (2001) , about 30% of the discharge is formed by this lateral flow denoted here as interflow in a sandstone podzolic catchment. For mountain podzols, waterlogging in the E horizon and water flow at the layer interface (E and spodic layer) were observed by Waroszewski et al. (2016) . The results of our study also clearly show the important role of layering on lateral flow and water accumulation in mountain podzols. For correct hydrological modelling, the effect of layering should be implemented for the examined soil. Using the measured K s values and RETC estimated indirectly from pedotranfer functions based on the measured soil texture and bulk density for identified layers, the water flow in the layered podzol investigated here can be modelled using specialized software, e.g. DRUtES (Kuráž et al., 2015) , Hydrus (Šimůnek et al., 2016) , and others.
CONCLUSION
The findings presented here are a contribution to knowledge about the hydrological behaviour of mountain haplic podzols. For this hydrologically important soil, vertical changes in the crucial hydraulic parameter K s among identified soil layers have been quantified, and the effect of the layering of the soil profile on the redistribution of infiltrated water has been assessed using dye tracer tests. A relatively large number of point-scale well-infiltration experiments showed significantly lower mean K s values for the spodic illuvial horizons than for the surrounding horizons. Reasons for the lower K s were probably an accumulation of fine particles and various substances in the spodic horizons, which were translocated from the abovelocated eluvial horizon during the podzolization process. The translocated substances and fine particles can form coatings on the soil solid phase and partially block the effective pores.
A strong effect of the interface between the eluvial layer and the spodic layer on the distribution of the infiltrated water was detected by dye tracer experiments, and this finding corresponds with the measured decrease in K s in the spodic layer. During heavy rainfall, the observed distinct lateral flow and water accumulation on the interface of these layers can cause water accumulation and the subsequent formation of shallow subsurface runoff if the interface is located on a slope. The predictions of hydrological models for areas dominated by mountain haplic podzols can be made more accurate by applying quantifications of K s and by using information about water flow directions from the dye tracer tests presented here. Due to the differently layered podzolic profiles that usually occur in mountain catchments (different thicknesses of the layers and different intensity of podzolization), further infiltration experiments and runoff observations in other sites are needed in order to provide an accurate description of the impact of podzolic layers on water flow on a larger scale.
